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PEROGNATHUS AS AN EXPERIMENTAL TOOL I N  SPACE RESEARCH 
SUMMARY 
The work of t h i s  con t r ac t  was undertaken t o  e s t a b l i s h  t h e  f e a s i b i l i t y  
of using pocket m i c e  i n  b io log ica l  experiments i n  space. 
yea r s  t h a t  we have been studying t h i s  genus, t h e  emphasis may have s h i f t e d  
s l i g h t l y  from time t o  t i m e ,  but t h e  primary o b j e c t i v e  w a s  never fo rgo t t en .  
I n  t h i s .  time we have obtained s u f f i c i e n t  base l ine  physiological  d a t a  t o  
design a se l f - con ta ined  l i f e  support and b io log ica l  d a t a  te lemetry system 
capable  of maintaining s i x  pocket m i c e  and ga the r ing  meaningful physio- 
l o g i c a l  d a t a  f o r  long pe r iods  in space, 
I n  t h e  s e v e r a l  
I n  a d d i t i o n ,  w e  have s u f f i c i e n t  base l ine  d a t a  on blood, chromosomes, 
c i r c a d i a n  rhythms, h ibe rna t ion  and r a d i a t i o n  response i n  a t  l eas t  two 
s p e c i e s  of t h e  genus, P. longimembris and P. formosus, t o  allow t h e i r  use 
i n  a v a r i e t y  of experiments. We f e e l  t h a t  pocket m i c e  can now be  used 
wi th  confidence i n  many experiments i n  which conventional mice, r a t s ,  o r  
hamsters may be used t o  study t h e  e f f e c t  of space condi t ions on mammals.  
The pocket mouse s t i l l  has t h e  added advantages of small  body s i z e  and 
low l i f e  support  requirements t h a t  were promulgated e a r l y  i n  t h e s e  inves- 
t i g a t  ions. 
Brown f a t  depos i t s  i n  Perognathus i n d i c a t e  t h a t  it is  s imi la r  t o  
o t h e r  h ibe rna t ing  mammals i n  t h i s  respect .  More work needs t o  be done on 
t h e  h ibe rna t ion  c h a r a c t e r i s t i c s  o f  t h i s  genus; neve r the l e s s ,  p re sen t  
i n d i c a t i o n s  are t h a t  it can be used advantageously i n  space probes t h a t  
may n e c e s s i t a t e  a h ibe rna t ing  mammal as t h e  experimental  sub jec t .  
Most prumising, perhaps, has been t h e  success fu l  l abo ra to ry  
breeding of pocket m i c e .  
now be e s t a b l i s h e d  providing l a rge  numbers of g e n e t i c a l l y  s t a b l e  s t r a i n s  
It is a n t i c i p a t e d  t h a t  a breeding colony can 
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of pocket mice f o r  a l l  kinds of b io logica l  research.  
increased  a v a i l a b i l i t y  of t h i s  very remarkable rodent w i l l  widen t h e i r  
u s e  i n  l a b o r a t o r i e s  throughout t h e  world, and thereby increase  the  r a t e  
a t  which knowledge of pocket mouse physiology is  accumulated. 
Hopefully,  t h e  
The fol lowing pages summarize accomplishments under Contract 
NASw-812. January-December 1965. Sec t ions  I and 11 a r e  papers  on 
breeding and growth, which have been prepared f o r  publ ica t ion .  
I11 summarizes both publ ished and unpublished work on pocket mouse 
r a d i a t i o n  biology. 
Sec t ion  
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BREEDING 
Laboratory Breeding of the L i t t l e  Pocket Mouse, 
Perog na t hus 1 ong imemb r i s 
P. Hayden, J .  J. Gambino, and R. G .  Lindberg 
LABORATORY BREEDING OF THE LITTLE POCKET MOUSE, 
PEROGNATHUS LONGIMEMBRIS * 
P. Hayden, J. J. Gambino, and R. G .  Lindberg 
ABSTRACT 
A group of 160 females and 40 male c a p t i v e  pocket m i c e  (Perognathus 
longimembris) were examined rou t ine ly  f o r  reproduct ive a c t i v i t y  during 
January t o  June, 1965. Limited observat ions w e r e  made throughout t h e  
summer and f a l l .  F i f t y - e i g h t  percent of t h e  females showed one o r  more 
e s t r o u s  cyc le s  during t h e  rout ine inspect ion.  Most exhibi ted polyestrous 
cyc le s  of approximately 10 days. The incidence of f i r s t  e s t r u s  was h ighes t  
i n  March. 
s i g n s  t o  b e  recept ive.  A t o t a l  of 217 matings were attempted and 57 l i t t e r s  
were produced. Five mice produced two l i t t e r s  each. L i t te rs  occurred from 
l a t e  March through September. 
gonadotropin s i r e d  s e v e r a l  l i t t e r s .  Information on hormone t reatment ,  
e s t r u s ,  e s t r o u s  cyc le s ,  post-partum and j u v e n i l e  e s t r u s ,  mating, g e s t a t i o n ,  
maternal care and n e s t  bu i ld ing  is presented. 
Breeding w a s  accomplished by p a i r i n g  animals judged by ex te rna l  
Males made sexua l ly  a c t i v e  with chor ion ic  
*Prepared f o r  submission t o  Journal  of Manmalogy 
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INTRODUCTION 
The only spec ies  of Perognathus c i t e d  i n  t h e  l i t e r a tu re  as having been 
bred i n  c a p t i v i t y  a re  - P .  ca l i fo rn icus  and - P. f l avus  (Eisenberg and Isaac, 
1963). Because of t h e  aggressiveness of Perognathus, t h e s e  matings w e r e  
accomplished only by c a r e f u l  pa i r ing  methods and cont ro l  of environmental 
condi t ions .  P red ic t ion  of female r e c e p t i v i t y ,  s i z e  of t h e  mating pens and 
du ra t ion  of  pa i r ing  were extremely important.  
There has been marginal success i n  breeding o the r  cap t ive  heteromyid 
roden t s ,  Dipodomys spp. and L i o m y s  p i c t u s  (Butterworth,  1961; Chew, 1958; 
Day -- e t  a l . ,  1956; Eisenberg and Isaac, 1963). Dipodornys appear somewhat 
easier t o  breed than  Perognathus, a l though both genera have s o l i t a r y  
h a b i t s  and s t rong  i n t r a s p e c i f i c  aggression.  These behavior p a t t e r n s  
present  t h e  major o b s t a c l e s  t o  labora tory  matings,  and successfu l  breeding 
depends upon modi f ica t ion  of  t h e  usual  techniques employed f o r  breeding 
l abora to ry  animals (Day e t  a l .  , 1956). --
E f f o r t s  t o  breed Perognathus i n  t h i s  labora tory  have emphasized 
p a r t i c u l a r l y  r o u t i n e  observat ions of n a t u r a l  e s t rous  cyc le s  i n  a l a rge  
number of cap t ive  animals as a bas i s  f o r  determining most favorable  mating 
t i m e ,  and induct ion  of sexual a c t i v i t y  i n  males by hormone t reatment .  
MATERIALS AND METHODS 
Holding F a c i l i t i e s  and Animal Husbandry: A group of 160 female and 40 male 
pocket m i c e  w e r e  t rapped during the  spr ing  of 1964 i n  t h e  v i c i n i t y  of 
Whitewater Canyon, approximately t e n  m i l e s  e a s t  o f  P a l m  Springs,  Ca l i fo rn ia .  
The mice were kept  i nd iv idua l ly  i n  g a l l o n  j a r s  which contained two inches 
of  sand. 
4 
A d i e t  of equal p a r t s  hulled sunflower seeds,  parakeet  seed mix, rye, 
wheat and rye g r a s s  seed maintained t h e  m i c e  i n  good h e a l t h ,  as judged by 
s l e e k  c o a t s ,  b r i g h t  eyes and normal a c t i v i t y .  However, t h e r e  was a quest ion 
whether t h i s  d i e t  lacked a f a c t o r  necessary f o r  breeding. 
such a f a c t o r  may be p re sen t  i n  the  succulent  p l a n t  materials t h a t  are  
p resen t  during the  n a t u r a l  breeding season. Therefore,  r y e  g r a s s  seed 
soaked i n  water  s o l u b l e  vitamins (Avitron, p e t  vitamins) was added t o  t h e  
d i e t .  I n  add i t ion ,  f r e s h l y  c u t  vegetat ion,  cons i s t ing  of about equal 
p a r t s  u n i d e n t i f i e d  g r a s s e s  and weeds were given every o t h e r  morning. 
The g ras s  seed and f r e s h  vegetat ion w e r e  a v i d l y  consumed. 
I n  t h e  f i e l d  
The temperature was maintained between 20-23OC with r e l a t i v e  humidity 
between 50-70%. Overhead f luo rescen t  l i g h t s  w e r e  on from 0600 t o  1800 hours. 
During t h e  dark p o r t i o n  of t h e  l i g h t  regime, a 7 - w a t t  l i g h t  w a s  on t o  
provide minimum night-t ime i l luminat ion.  
Observation Routine: The 160 females w e r e  separated i n t o  two equal groups 
f o r  convenience of handling and data  a c q u i s i t i o n .  
c a l l y  weighed during t h e  f i r s t  po r t ion  of t h e  study; otherwise,  t h e  groups 
were handled and t r e a t e d  s imi l a r ly .  
One group was pe r iod i -  
Routine observat ion of g e n i t a l i a  was begun i n  January, 1965. A t  f i r s t ,  
a l l  females w e r e  examined every t h i r d  day; beginning i n  February, s exua l ly  
The e n t i r e  group was examined 
w e r e  added t o  t h e  d a i l y  i n s p e c t i o n  
a c t i v e  females w e r e  examined every day. 
every 3-7 days, and sexua l ly  a c t i v e  m i c e  
group. 
Beginning i n  l a t e  June, t h e  i n s p e c t  
t hose  females t h a t  had produced l i t t e rs .  
on rou t ine  was l imi t ed  t o  only 
Because of somewhat i n t e r m i t t e n t  
obse rva t ions ,  t h e  da t a  f o r  t h i s  period i s  no t  included i n  t h e  graphic  
p r e s e n t a t i o n  of e s t rous  cyc le s .  
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I. 
Breeding Chambers: Three kinds of breeding chambers were used: 15-gallon 
g l a s s  aqua r i a ;  r ec t angu la r  boxes (€3' x 1.51 x 1 .5 ' ) ;  and square,  compart- 
mented boxes ( 4 ,  x 4 '  x 1.51). The l a t t e r  cages had s i x  p e r i p h e r a l  
compartments, opening i n t o  a c e n t r a l  a r ea .  This allowed animals t o  es tab-  
l i s h  home t e r r i t o r i e s  i n  t h e  s ix  o u t e r  chambers and u s e  t h e  c e n t r a l  area 
f o r  breeding. The long boxes had no d iv ide r s .  A l l  chambers had 3-4 inches 
of d e s e r t  sand and rocks. 
and p l a s t i c  tubing of va r ious  diameters t o  g i v e  many p laces  f o r  t h e  animals 
t o  hide.  
P a i r i n g  Methods: 
d i r e c t .  Females who w e r e  judged t o  be r ecep t ive  by e x t e r n a l  s i g n s  w e r e  
placed with males w i t h  l a r g e  palpable  testes. 
15-20 minutes t o  determine whether t hey  w e r e  aggressive.  Sometimes animals 
could b e  switched around t o  match " p e r s o n a l i t i e s f 1 ,  but t h i s  w a s  seldom 
success fu l .  I f  t h e  male was pugnacious o r  reacted v i o l e n t l y  t o  t h e  female, 
he was removed immediately. I f  t h e  paired mice seemed compatible, they 
w e r e  l e f t  t oge the r  3-4 hours,  overnight,  o r  sometimes longer.  The female 
was then  placed i n  an i s o l a t i o n  cage f o r  p e r i o d i c  observat ion.  
Hormone I n j e c t i o n :  The hormone chorionic  gonadotropin was used t o  stimu- 
l a t e  bo th  males and females. 
fo rd  S t . ,  L.A., 90063, C a l i f . )  was d i s so lved  and d i l u t e d  with physiological  
s a l i n e  t o  a concentrat ion of 2000 uni ts /ml  and administered subdermally 
w i t h  a micrometer syr inge.  
s e x u a l l y  i n a c t i v e  group of 10 females and 10 males i n  June, 1965. This 
group was observed f o r  changes i n  e x t e r n a l  g e n i t a l i a .  A group of e i g h t  
females were i n j e c t e d  and o v a r i e s  taken f o r  h i s t o l o g i c a l  examination. 
The boxes w e r e  provided with lengths  of metal  
The method of s e l e c t i n g  animals f o r  p a i r i n g  was very 
The p a i r s  were observed f o r  
The lyoph i l i zed  CGH (Calbiochem, 3625 Med- 
Doses of 100 u n i t s  p e r  day w e r e  given t o  a 
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Several  o t h e r  groups of females were t r e a t e d  with CGH and pa i r ed  with 
un t r ea t ed  sexua l ly  a c t i v e  males. 
RESULTS 
Estrous Cycle: 
mid-January and have continued i n  some animals through December (t ime of 
t h i s  wr i t i ng ) .  
I n  our  c a p t i v e  E. longimembris, e s t r o u s  cyc le s  s t a r t e d  i n  
An es t rous  cyc le  i s  completed i n  about t e n  days. 
The t i m e s  of t h e  f i r s t  observed e s t rous  per iods,  t o t a l  number of 
e s t r o u s  cyc le s ,  and number of l i t ters are  presented i n  Table 1. The 
incidence of f i r s t  e s t rous  periods increased from l a t e  January t o  a 
maximum i n  March and then gradual ly  declined t o  June. 
females w e r e  observed t o  have an average of 3.8 e s t r u s e s ,  w i t h  a range of 
1 t o  11. A t  least one f u l l  e s t rous  c y c l e  was observed i n  58% of t h e  group, 
w i t h  42% remaining i n a c t i v e  during t h e  five-month d a i l y  observat ion period. 
The sexua l ly  a c t i v e  
During t h e  a n e s t r u s  p o r t i o n  of t h e  year ,  t h e  vaginal  o r i f i c e  i s  
completely regressed and sea l ed  with epi thel ium (Fig.  I - A ) .  During the  
po lyes t rus  po r t ion ,  t h e  o r i f i c e  is a l t e r n a t e l y  open and closed,  with 
vaginal  wa l l s  oppressed o r  sealed with epithelium. The vulva swe l l s  
during p roes t rus ,  1-2 days before  e s t r u s  (Fig. 1-B) .  The vaginal  o r i f i c e  
remains sea l ed  during p roes t rus ,  but  a c h a r a c t e r i s t i c  t r a n s v e r s e  l i n e  i s  
evident  i n  t h e  vulva. 
edges much enlarged and evaginated t o  va r ious  degrees (Fig. 2-A). This 
cond i t ion  las t s  from a few hours t o  a day. During metestrus ,  t h e  e x t e r n a l  
g e n i t a l i a  r eg res s  and t h e  vaginal  l i n i n g  sloughs off  (Fig. 2-B). The 
sloughed m a t e r i a l  and mucous form a plug which is  r e t a ined  i n  t h e  vagina 
from one t o  f i v e  days. One of t hese  plugs w a s  removed i n t a c t  from an 
animal. 
During e s t r u s ,  t h e  vaginal  o r i f i c e  i s  open, w i t h  t h e  
The consol idated ma te r i a l  w a s  a c a s t  of t h e  vaginal  c a v i t y  
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TABLE 1. Sunnnary of Observed Estrous Periods and Litters of 
160 Perognathus longimembris. 
Time Period N o .  First Total No. No. Litters 
Estrus Estrous Periods 
Jan 1 - 15 0 
16 - 31 6 6 
c! 
6 
Feb 1 - 14 5 13 
18 
15 - 28 13 21 
Yar 1 - 15 14 37 
32 
16 - 31 18 42 
0 
0 
0 
0 
0 
2 
Apr 1 - 15 5 43 0 
16 - 30 18 53 2 23 
Yay 1 - 15 8 62 
11 
16 - 31 3 24 
June 1 - 15 3 33 
3 
16 - 25 0 21 
June 26 - 
July 26 N o  obs No obs 
8 
9 
14 
13 
9 
TOTAL 93 3 55 57 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
i 
. 
A, Anes t rus  - n o t  swollen,  edges of vag ina  c l o s e l y  
oppressed o r  s e a l e d  
B.  P r o e s t r u s  - swol l en  but s t i l l  s e a l e d ,  f u t u r e  v a g i n a l  
o r i f  i c e  w e l l  d e f i n e d  
F i g u r e  1. G e n i t a l i a  o f  female Perognathus longimembris 
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1. 
1E 
I 
I 
1 
I 
I 
I 
I 
1 
I 
I 
1 
I 
I 
I 
I 
I 
1 
A. E s t r u s  - swol l en ,  v a g i n a l  o r i f i c e  open, edges  
e v a g i n a t e d  ( n o t  w e l l  shown i n  p i c t u r e )  
B. M e t e s t r u s  - s loughed l i n i n g  and mucous plug 
conso 1 ida  t ed , swe 1 1 ing d i m i n i  shed 
F i g u r e  2 .  G e n i t a l i a  o f  female Perognathus  longimembris 
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complete with a b i f u r c a t e d  t i p ,  which ind ica t ed  t h a t  sloughing of t h e  
l i n i n g  involved a t  l e a s t  a po r t ion  of t h e  u t e r i n e  horns. 
A post-partum e s t r u s  was documented i n  t h i s  spec ie s .  I n  two i n s t ances  
females a t e  t h e i r  o f f s p r i n g  s h o r t l y  a f t e r  b i r t h  and were returned i m e d -  
i a t e l y  t o  rou t ine  observation. 
p a r t u r i t i o n  i n  one of t h e s e  animals and a t  f o u r  days i n  t h e  other .  
females were pa i r ed  again,  and the former bore a l i t t e r .  
Estrus  w a s  observed a t  two days post-  
Both 
One female born i n  t h e  laboratory was noted t o  have swollen ex te rna l  
The next g e n i t a l i a ,  but  a s ea l ed  vaginal  opening a t  41 days a f t e r  b i r t h .  
day a well-formed vaginal  plug was observed, i n d i c a t i n g  t h a t  an e s t rous  
c y c l e  had been completed. 
reached i n  11. longimembris females as e a r l y  a s  41 days. This i nd iv idua l  
w a s  aga in  i n  e s t r u s  30 days l a t e r  and was pa i r ed  with a male, bu t  no 
This suggests t h a t  sexual  ma tu r i ty  may be 
l i t t e r  was produced. 
A gravid j u v e n i l e  2. formosus was  f i e ld -cap tu red  and l i t t e r e d  i n  t h e  
l abora to ry  bu t  f a i l e d  t o  t ake  ca re  of  t h e  neonates. 
judged t o  be j u v e n i l e  by t h e  grey c o l o r  of t h e  coa t  and was ev iden t ly  born 
e a r l y  i n  t h e  sp r ing .  
This  animal was 
These da t a  i n d i c a t e  t h a t  the e a r l y  young of t h e  yea r  a r e  capable  of 
breeding t h e  same yea r  they were produced. 
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Reproductively Active Males: Although males w i t h  conspicuous descended 
testes have been observed i n  t h e  f i e l d ,  none were observed during t h i s  
l abora to ry  inves t iga t ion .  Some of t h e  c a p t i v e  animals and t h e  hormone- 
t r e a t e d  males had enlarged t e s t e s  t h a t  could be forced down i n t o  t h e  
scrotum and be r e t a i n e d  f o r  s eve ra l  seconds. The abdominal p o s i t i o n  of t h e  
testes does not  prevent production of v i a b l e  sperm,  as evidenced by 
success fu l  matings. 
Along wi th  t e s t i c u l a r  enlargement t h e r e  is  an inc rease  i n  t h e  amount 
of vascu la r  t i s s u e  surrounding t h e  o s  baculum, giving a rugose t e x t u r e  t o  
t h e  penis.  I n  t h e  i n a c t i v e  male, t h e  penis is c h a r a c t e r i s t i c a l l y  t h i n  and 
p a l e  wi th  l i t t l e  vascu la r i za t ion .  
Induct ion of Sexual A c t i v i t y :  In a n  e a r l y  a t tempt  a t  induct ion of sexual  
a c t i v i t y ,  e s t r a d i o l  and progesterone w e r e  used without  success.  However, 
CGH w a s  found t o  g ive  an e x t e r n a l l y  v i s i b l e  e f f e c t  i n  females a f t e r  about 
a week and i n  males a f t e r  10-12 days. 
Of t h e  t e n  a n e s t r u s  females t h a t  were i n j e c t e d  with CGH, s i x  had open 
vag ina l  o r i f i c e s  before  seven days and remained so  f o r  2-5 days; two 
opened a f t e r  seven days, and two w e r e  s t i l l  s e a l e d  a f t e r  16 days. In  
t h e s e  hormone-induced openings of t h e  vagina,  swel l ing and evaginat ion of 
t h e  vulva d i d  not occur o r  w a s  much less than  i n  normal e s t r u s e s .  Several  
o t h e r  groups of females were given 100 uni ts /day f o r  seven days and paired 
w i t h  both normal and hormone-induced males, but  none of t h e  females w e r e  
r ecep t ive .  
A f t e r  seven i n j e c t i o n s  of 100 u n i t s  CGH/dose, s e v e r a l  females who 
e x h i b i t e d  opening of t h e  vagina were s a c r i f i c e d  f o r  autopsy and ova r i an  
t i s s u e .  Sect ions of ova r i e s  a r e  shown i n  Figure 3. In t h e  un in jec t ed  
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I. * 
A. Xormal - untreated animal in anestrus 
B. Active - hormone-treated animal shows externally 
visible s i g n s  of estrus wben sacrificed 
Figure 3. Ovaries of Perognathus longimembris - low power view (120x1 
Note developing Graafian follicle in hormone-treated animal. 
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c o n t r o l  animals,  t h e  ova r i e s  were small  and had no obvious developing ova; 
t h e  u t e r i  were t r anspa ren t  and f l acc id .  
animals were much enlarged wi th  many developing ova, and u t e r i  were well-  
developed. 
The ova r i e s  of t he  i n j e c t e d  
The t e s t e s  of a l l  i n j e c t e d  males became enlarged and could be pa lpa ted  
a f t e r  about 12 days, bu t  t h e  t e s t e s  d id  no t  become s c r o t a l .  Viable  sperm 
developed i n  hormone-induced males, s i n c e  they have s i r e d  seve ra l  l i t t e r s  
wi th  normal females. 
Breeding: 
l i t t e r  product ion a r e  summarized i n  Figures  4 and 5. 
randomly chosen groups of 80 females each; mice i n  F igure  4 were weighed 
biweekly during t h e  f i r s t  s ix  weeks, while  those  of F igure  5 were not  
weighed. Es t rus  began earlier i n  t h e  weighed group (January), than  i n  t h e  
unweighed group (February).  More of t h e  weighed mice showed e s t r u s  (50 of 
80) than  of t h e  unweighed (43  of 80). 
males were not  attempted u n t i l  1 March. 
Observations on frequencies  of e s t r u s ,  mating a t tempts  and 
These represent  two 
Pa i r ings  of females i n  e s t r u s  wi th  
D a i l y  i n spec t ions  of reproduct ively a c t i v e  females de tec ted  355 e s t r u s  
c y c l e s  i n  progress ;  217 matings were made, which i s  a u t i l i z a t i o n  of 61% 
of t h e  p o t e n t i a l  r ecep t ive  per iods.  A t o t a l  of 57 litters r e s u l t e d  from 
t h e  217 p a i r i n g s ,  which is a success  of 26%. 
l e v e l  of achievement, s i n c e  sexual  r e c e p t i v i t y  occurs  only dur ing  t h e  f i r s t  
h a l f  of e s t r u s .  
This i s  considered a high 
L i t t e r  s i z e  averaged f o u r  and ranged from one t o  six.  
of those  young weaned by 3 0  June was 30 
i n s t ances ,  t h e  f i r s t  observed e s t r u s  and p a i r i n g  r e s u l t e d  i n  t h e  product ion 
of a l i t t e r .  Five females have produced two l i t t e r s  each. The 52 females 
t h a t  bore  l i t ters  were kept  under observa t ion  biweekly a f t e r  June 25. 
The sex  r a t i o  
t o  3 4  dd ( 4 7 : 5 3 ) .  I n  eleven 
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Figure 4 .  Estrus periodicities, breeding attempts and litter production 
in reproductively active females from a group of 80 E .  longimembris. 
Animals weighed routinely. 
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Figure 5. 
i n  reproductively a c t i v e  females from a group of  80 E. longimembris. 
Animals not weighed. 
Estrus p e r i o d i c i t i e s ,  breeding attempts and l itter production 
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They continued t o  undergo estrus per iods  t o  t h e  t i m e  of t h i s  wr i t i ng ,  
Dec. 1, 1965. Three more l i t t e r s  were produced, t h e  l a s t  on 29 Sept. 
A t o t a l  of 26 males s i r e d  the 57 l i t ters ;  however, f i v e  males s i r e d  
52% of t h e  l i t t e r s  (30 of 5 7 ) .  
s h o r t  and seve re ly  sca r r ed  t a i l s ,  i n d i c a t i v e  of t h e  aggress ive  behavior  
of t h e  females even a t  a llcompatible time". 
After  s e v e r a l  matings these  males had 
F a t a l i t i e s  occurred i n  e igh t  matings (4 9 9  and 4 dd). 
cases  t h e  animals w e r e  p a r t i a l l y  ea ten .  
s t a t e  of t o rpo r ,  al though they seemed only s u p e r f i c i a l l y  wounded by b i t e s  
on back and t a i l .  
Copulation: The copula tory  behavior of E.  longimembris i s  s u f f i c i e n t l y  
d i f f e r e n t  from o t h e r  spec ie s  of Perognathus t o  warrant  d e s c r i p t i o n  
(Eisenberg,  1963). I n  one typ ica l  observed mating, t h e  two animals 
approached one another  d i r e c t l y  a f t e r  being placed i n  t h e  breeding cage. 
Af t e r  one nose-to-nose con tac t  and a simultaneous leap, copula t ion  ensued. 
The male mounted from t h e  r e a r  and both  animals f e l l  on t h e i r  s ides .  
Copulat ion was accomplished i n  t h i s  pos i t i on .  
g rasp  wi th  h i s  f r o n t  f e e t ,  bu t  grasped t h e  female 's  t a i l  wi th  one of h i s  
hind f e e t  and t h r u s t  rap id ly .  Mounts l a s t e d  no longer than 4-5 seconds 
and appeared t o  be terminated by t h e  female. I n  a ten-minute per iod ,  
t h e r e  were 20-25 mounts wi th  a n  undetermined number of in t romiss ions .  
During t h e  f i n a l  encounter,  t h e  female b i t  t h e  male on t h e  head, which 
p r e c i p i t a t e d  a b r i e f  kicking and sc ra t ch ing  b a t t l e .  The male r an  t o  a 
co rne r ,  l a i d  down, and remainedmotionless .  The female dug i n  t h e  sand 
and preened h e r s e l f .  
t o  mount him, bu t  he d id  not move and responded only by squeaking. 
I n  t h r e e  
Dominated animals were i n  a 
The male d id  not  b i t e  o r  
T w i c e  t h e  female approached t h e  male and attempted 
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The female was examined immediately a f t e r  copulat ion.  Her e x t e r n a l  
g e n i t a l i a  were no longer swollen and evaginated a s  be fo re  copula t ion ,  and 
t h e  vagina l  o r i f i c e  was sea l ed  with a c r u s t .  
t i o n ,  1962) noted t h i s  immediate disappearance of t h e  vulva l  swel l ing  a f t e r  
breeding Dipodomys spp. 
p o s s i b l e  i n  t h e  heteromyid rodents. 
Egoscue (personal  communica- 
This may i n d i c a t e  t h a t  superfecundat ion i s  not  
Severa l  o t h e r  females have been observed t o  assume a copula tory  
p o s i t i o n  ( l y i n g  on one s i d e  w i t h  p e l v i s  ro t a t ed  90° and one hind l e g  
extended nea r ly  v e r t i c a l  t o  s u b s t r a t e )  when a male approached. This 
behavior  has a l s o  been noted when a male was no longer  c l o s e  t o  t h e  female, 
bu t  a f t e r  i n i t i a l  con tac t  had been made. 
Ges t a t ion  and Maternal Care: 
i n  31 of t h e  pregnancies.  
ca ses ;  extremes of 21 days and 30 days were recorded. 
t h a t  l i t t e r e d  a t  31 days a t e  t he  l i t t e r  s h o r t l y  a f t e r  p a r t u r i t i o n .  
Abortions and subsequent ea t ing  of t h e  young occurred i n  f i v e  of t h e  
Gestat ion per iods  were d e f i n i t e l y  e s t a b l i s h e d  
Ges ta t ion  l a s t e d  22 t o  23 days i n  74% of t h e s e  
The one animal 
57 l i t ters.  Several  i s o l a t e d  deaths of newborn mice w e r e  observed, bu t  
they  could not  be a t t r i b u t e d  t o  maternal  neg lec t .  
Maternal c a r e  o f t e n  involved much apparent a imless  ca r ry ing  and s h i f t -  
i n g  of neonates.  This continued a s  l a t e  a s  t h e  t h i r d  week, when o f f s p r i n g  
were almost a s  l a r g e  a s  t h e  dam. Even a t  t h i s  age, t h e  young d id  not  
s t r u g g l e  when picked up by t h e  dam; r a t h e r ,  they  f a c i l i t a t e d  t h e  a c t i o n  
by r a i s i n g  t h e i r  l egs .  L i t t e r s  w e r e  weaned a t  about 30 days. 
Nest Building:  Pocket m i c e  gene ra l ly  b u i l d  n e s t s  when m a t e r i a l  i s  a v a i l a b l e .  
Pregnant mice i n  our  colony were provided wi th  dry g r a s s  f o r  n e s t  bu i ld ing ,  
and casua l  observa t ions  were made on n e s t  bu i ld ing  behavior and n e s t  con- 
s t r u c t i o n .  
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S i z e  of n e s t  seemed t o  vary wi th  t h e  amount of g ra s s  a v a i l a b l e .  
F ine  g r a s s  was c u t  t o  %-inch lengths and used f o r  t he  bulk of t h e  n e s t ,  
whi le  coarse  g r a s s  was shredded and used a s  bedding. 
about If t o  2 inches i n  diameter. 
n e s t  was covered. 
F i e l d  Samples of P. longimembris: 
water  Canyon a rea  and re turned  t o  t h e  labora tory  during t h e  per iod March 5 - 
June 28, 1965 a r e  l i s t e d  i n  Table 2. The f i r s t  g rav id  female was t rapped 
i n  mid-April and juven i l e s  began t o  appear about seven weeks later.  
mid-June, j uven i l e s  c o n s t i t u t e d  84% of t h e  ca tch .  
The bed a rea  was 
I f  s u f f i c i e n t  g r a s s  was a v a i l a b l e ,  t h e  
Animals t h a t  w e r e  trapped i n  t h e  White- 
By 
The mean weight of female animals when weighed s e v e r a l  days a f t e r  
cap tu re  was 8.6 gms (range 6.4 - 12.2 gms). 
months l a t e r  weighed 9.4 gms (range 7.4 - 11.0 gms),  i n d i c a t i n g  good 
adjustment t o  our  labora tory  condi t ions.  
The same animals n ine  
DISCUSSION 
There i s  l i t t l e  doubt t h a t  t h e  seasonal  reproduct ive c y c l e  of 
Perognathus i n  na tu re  i s  co r re l a t ed  wi th  annual environmental cyc le s ,  bu t  
is  s u b j e c t  t o  pe r tu rba t ions  by loca l  climatic condi t ions .  
But terworth (1959) made observat ions of Perognathus and Dipodomys i n  t h e i r  
eco log ica l  s tudy of rodents  a t  Joshua Tree Nat ional  Monument, C a l i f o r n i a .  
I n  t h i s  s tudy,  they noted pregnant mice, males wi th  s c r o t a l  testes, and 
very  young animals i n  February, March and A p r i l .  
t h a t  j u v e n i l e  pocket mice appear i n  numbers i n  June a t  t h e  Nevada Test  
S i t e ,  suggest ing t h a t  they a r e  probably born i n  Apr i l  o r  May. 
i n d i c a t e s  nea r ly  a l l  pregnancies occurred i n  May. 
a c t i v i t y  i n  t h e s e  d e s e r t  rodents has been a t t r i b u t e d  t o  seasonal  v a r i a t i o n  
i n  r a i n f a l l ,  p l a n t  growth and o ther  ecologica l  f a c t o r s .  
Chew and 
French (1964) notes  
Hal l  (1946) 
The peak of reproduct ive  
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TABLE 2. F i e l d  Col lec ted  P. longimembris Received i n  1965. - 
Date No. Received % Juveni  1 es % Gravid 0 
66 $ 9  
5 Mar 65  3 4  0 0 
10 Mar 65  18 6 0 0 
17 Mar 65  
25 Mar 65  
19 Apr 65  
5 May 6 5  
17 May 65 
2 June 6 5  
3 June 65  
14 June 65  
!2 June 65 
28 June 65 
3 3  
24 16 
18 5 
9 8  
13 7 
21 17 
25 25 
24 28 
49 59 
29 29 
0 
0 
0 
0 
0 
18.4% 
52.0% 
84.6% 
60.2% 
51.7% 
0 
0 
20% 
50% 
28% 
2 5% 
4% 
7% 
0 
0 
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It i s  evident  from our  observat ions t h a t  i n i t i a t i o n  of reproduct ive  
cyc le s  i n  laboratory-maintained pocket mice co inc ides  wi th  t h e  n a t u r a l  
breeding season, a s  judged by f i e l d  c o l l e c t i o n  da ta .  For example, a high 
inc idence  of j uven i l e s  occurred i n  June, 1965 f i e l d  samples. 
sugges t  t h a t  concept ion occurred i n  f i e l d  animals a t  approximately t h e  
same tFme captive animals in th is  study had a high inc idence  of e s t r o u s  
cyc le s  . 
This would 
I n  the  p re sen t  s tudy,  cap t ive  pocket mice previous ly  maintained i n  a 
s t a b l e  labora tory  environment for a t  l e a s t  e i g h t  months produced l i t t e r s  
from March through September. T h i s  may i n d i c a t e  t h a t  p repa ra t ive  processes  
f o r  breeding a r e  a s soc ia t ed  with an  annual endogenous cyc le ,  but  i n i t i a t i o n  
and maintenance of t h e  breeding condi t ion  is  dependent upon d i e t .  
The e a r l i e r  onse t  of e s t r u s  i n  t h e  weighed group i n  t h i s  s tudy  
(Fig. 1) cannot be explained. Ostensibly,  both groups were otherwise 
t r e a t e d  s i m i l a r l y ;  however, t h e  d i f f e rence  could have r e s u l t e d  from more 
s u b t l e  d i f f e rences  i n  housing o r  handl ing of t h e  animals,  o r  it may 
rep  res e n t  random va r i a t ion.  
Laboratory breeding of Perognathus longimembris can be accomplished 
by proper  s e l e c t i o n  of mating p a i r s .  
compatible p a i r s  is r o u t i n e  observat ion of l a r g e  numbers of both sexes  t o  
a s c e r t a i n  t h e i r  s ta te  of reproduct ive a c t i v i t y .  Females i n  f u l l  e s t r u s  
( i . e . ,  wi th  open vag ina l  o r i f i c e )  are placed wi th  males wi th  enlarged 
testes, r e s u l t i n g  i n  copula t ion  and conception approximately 26 percent  
of t h e  t i m e .  
The key t o  obta in ing  s u f f i c i e n t  
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The use of hormones to induce sexual activity has been marginally 
successful in females in that a condition resembling estrus has been 
achieved, but no litters have been produced from treated females. In males, 
the success of hormone treatment has been evidenced by litters produced. 
Obviously, routine observation and selective pairing of large numbers 
Establishment of a breed- of pocket mice is time consuming and expensive. 
ing colony may depend upon whether laboratory-conceived and -reared animals 
will exhibit modified physiological and behavioral patterns, i.e., continuous 
estrous cycles and greater compatibility. 
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GROWTH 
Growth and Development of the L i t t l e  Pocket Mouse, 
Perognathus longimexnbris 
P.  Hayden and 3 .  3 .  Gambino 
ABSTRACT 
Growth and development da t a  a r e  presented on 8 l i t t e r s  of Perognathus 
longimembris. This i s  t h e  f i r s t  recorded laboratory breeding of t h i s  
spec ie s .  Body weights and measurements of ear, hind f o o t ,  t a i l  and t o t a l  
body l eng th  w e r e  taken on 26 individuals .  A t  b i r t h ,  body weight is about 
1.3 g ;  t h e  s k i n  is  n e a r l y  t r anspa ren t  and naked, w i th  eyes and ears sealed.  
There are  no cheek pouches a t  b i r t h .  
bu t  t h e  meatus remains sea l ed .  
a f u l l  j u v e n i l e  coat  i s  a t t a i n e d ,  and t h e  eyes are open. 
s t a r t  t o  invaginate  a t  about day 3 and a r e  func t iona l  by day 14. 
65% of a d u l t  weight (8-10 gms) i s  a t t a i n e d  i n  21 days, but  t h e  hind f o o t  
reaches nea r  a d u l t - s i z e  during t h i s  per iod.  
growth measurements showed polyphasic growth with i n i t i a l  instantaneous 
growth r a t e s  which v a r i e d  from 4.4% f o r  t o t a l  l eng th  t o  14.8% f o r  ear. 
By day 5 t h e  pinnae are  unfolded, 
Sparse h a i r  i s  evident  a t  day 8 ;  by day 14  
Cheek pouches 
About 
Semilogarithmic p l o t s  of 
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GROWTH AND DEVELOPMENT OF THE LITTLE POCKET MOUSE, 
PEROGNATHUS LONGIMEMBRIS* 
P. Hayden and J. J. Gambino 
INTRODUCTION 
Growth and development da t a  f o r  t h e  Heteromyid rodents  are very 
l imi t ed .  This  group con ta ins  kangaroo r a t s ,  pocket m i c e  and kangaroo m i c e ,  
n e a r l y  a l l  o f  which a re  noted for t h e i r  a d p t a t i o n  t o  an a r i d  environment. 
These animals a re  s o l i t a r y  i n  na tu re  and e x h i b i t  s t rong  i n t r a s p e c i f i c  
aggression. 
However, s e v e r a l  s p e c i e s  of t h e  genus Dipodomys have been bred i n  t h e  
l abora to ry ,  and var ious d e t a i l s  of mating behavior,  growth and development 
a r e  a v a i l a b l e  (Day e t  a l ,  1956; Chew, 1958; Chew and Butterworth, 1959; 
Butterworth,  1961a,b). 
Most a t tempts  t o  breed them i n  c a p t i v i t y  have been unsuccessful.  
More r ecen t ly ,  s e v e r a l  species  of pocket m i c e  (genus Perognathus) 
have been mated under l abora to ry  condi t ions (Eisenberg and Isaac, 1963). 
However, only l i m i t e d  growth da ta  is presented on 3 l i t t e r s  of E .  c a l i f o r -  
nicus,  one l i t t e r  of P. p e n i c i l l a t u s  and one l i t t e r  of  E. f l avus .  
Successful breeding of E. longimembris and prel iminary da t a  on growth and 
- 
development w e r e  reported ea r l i e r  from t h i s  l abora to ry  (Hayden e t  a l ,  1965). 
The c u r r e n t  r epor t  p r e s e n t s  r ep resen ta t ive  da t a  from 61 l i t ters  of E.  longi-  
membris t h a t  have been bred i n  our l abora to ry  between Apr i l  and September, 1965. 
*Prepared for submission t o  Growth 
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METHODS AND MATERIALS 
Observations of growth and development were made on e i g h t  l i t t e r s  
w i th  a t o t a l  of 26 i nd iv idua l s .  One of t he  l i t t e r s  was from a pregnant 
female t rapped i n  t h e  f i e l d ,  while t h e  rest were laboratory-bred.  A l l  of 
t h e  females were from t h e  Sonoran Desert of C a l i f o r n i a  (Whitewater Canyon 
a r e a ,  about 10 m i l e s  e a s t  of Palm Springs).  The observa t ion  group was 
reduced t o  24 animals a t  14 days and t o  22 a t  32 days because of death and 
escape of ind iv idua ls .  
Females and their l i t t e r s  were housed i n  galvanized boxes, 8" x 11" x 
6.5" with  sc reen  wi re  tops.  
i n  t h e  cage f o r  digging and grooming. 
e t c . )  was provided f o r  nest ing.  Dry g r a s s  (t imothy and r y e  o r  bermuda) was 
placed i n  t h e  con ta ine r  for n e s t  ma te r i a l .  Tom paper  towels were used i n  
a d d i t i o n  t o  t h e  g ra s s  i n  s e v e r a l  cases. Gravid females w e r e  placed i n  t h e  
ma te rn i ty  cages 2-8 days p r i o r  t o  expected p a r t u r i t i o n  d a t e  t o  a l low them 
t o  acc l imate  t o  t h e  new environment. I f  t he  female appeared nervous o r  
e a s i l y  a g i t a t e d ,  t h e  sc reen  top was covered wi th  a towel, and he r  cage 
p laced  i n  a more i s o l a t e d  p o s i t i o n  i n  t h e  animal room. 
The d i e t  was provided ad l ib i tum and cons is ted  of  a mixture  of about 
Sand approximately 1-2 inches deep was provided 
A con ta ine r  ( p i n t  can, milk car ton ,  
equal  p a r t s :  hu l l ed  sunflower seed, rye  g ra in ,  o a t  g roa t s ,  hu l led  m i l l e t ,  
parakeet  mix, rye  g r a s s  seed and r y e  g r a s s  seed enriched wi th  water  s o l u b l e  
vi tamins (Avitron, t r a d e  name). Pieces of raw c a r r o t s  were provided every 
o t h e r  day. 
Li t ters  were handled only  a f t e r  t h e  hands were washed thoroughly wi th  
soap and water ,  r insed  i n  e t h y l  a lcohol  and d r i ed .  
were handled h e s i t a n t l y ,  bu t  i t  was found t h a t  newborn mice could be 
The f i r s t  few l i t t e r s  
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manipulated from t h e  f i r s t  day of l i f e  with no apparent  adverse e f f e c t s .  
Measurements were taken rout ine ly  on s p e c i f i c  days of t he  week. 
However, s i n c e  l i t t e r s  were added t o  t h e  sample group a s  they w e r e  born,  
animals i n  t h e  var ious l i t t e r s  were not  a l l  measured a t  p r e c i s e l y  t h e  same 
age. For t h i s  reason, p l o t t e d  values do not  represent  t h e  same number of 
i nd iv idua l s .  This f a c t  was taken i n t o  cons idera t ion  by weighting t h e  
p o i n t s  when t h e  curves were v i sua l ly  f i t t e d .  
were made on a l l  animals:  body weight, t o t a l  body length ,  t a i l  l ength ,  
hind f o o t  length  and e a r  length.  T a i l  and body measurements w e r e  taken 
wi th  a f l e x i b l e  p l a s t i c  mi l l imeter  r u l e r ,  while  hind f o o t  and e a r  were 
taken wi th  vernier ca l ipe r s -  
(except ea r ,  t o  0.1 mm), weights  t o  0.01 gm. 
The following measurements 
Linear messurments w e r e  read to 0.5 mm 
Measurements of t o t a l  body length w e r e  taken on a c t i v e  juven i l e s  
while  t h e  animal, held by t h e  t a i l ,  extended i t s e l f  i n  an escape at tempt .  
T a i l  measurements were taken from t h e  same p o s i t i o n ,  using s l i g h t  p re s su re  
of t h e  r u l e r  aga ins t  t h e  base of t he  t a i l .  Such measurements on l i v e  
animals a r e  s u b j e c t  t o  inherent  e r ro r s  and do not  represent  abso lu t e  values .  
Measurements were analyzed as i n  Brody (1945). Measurement va lues  
w e r e  p l o t t e d  on a logari thmic s c a l e  versus  age on an a r i t h m e t i c  s c a l e .  
Linear segments of  such a p l o t  i n d i c a t e  per iods  when growth increments 
were a cons tan t  percentage of previous s i z e .  
ins tan taneous  growth r a t e s  were ca lcu la ted  a s :  
From t h e s e  l i n e a r  s ec t ions ,  
1 I n  m - In  m 2 k =  
t2  - 
The va lue  k is  t h e  ins tan taneous  percentage r a t e  of growth f o r  t h e  u n i t  
of t i m e  i n  which t and t a r e  expressed; I n  m and I n  m a r e  n a t u r a l  
logarithms of t h e  measurements made a t  t 
2 1 2 1 
2. and t 1 
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OBSERVATIONS AND DISCUSSION 
General Development: A t  b i r t h ,  the s k i n  is  h a i r l e s s ,  pink,  wrinkled and 
n e a r l y  t r anspa ren t .  The i n t e r n a l  organs can be c l e a r l y  seen through t h e  
v e n t r a l  su r f ace ,  a s  can blood vesse l s ,  b r a i n  and s u t u r e s  i n  t h e  s k u l l .  
V ib r i s sae  a r e  present  on t h e  snout a t  b i r t h  and a r e  about 1-1.5 mm long. 
Dark pigmentation s t a r t s  t o  appear on t h e  head and back a t  4-6 days 
and even tua l ly  covers t h e  body down t o  t h e  l a t e r a l  l i n e  a rea  of t h e  adu l t .  
Sparse dark gray  h a i r  appears  on t h e  pigmented a rea  of t h e  dorsum a t  7-9 
days wi th  r a t h e r  coarse  white h a i r  on t h e  f l a n k s  and legs .  By day 13-15 
a f u l l  coa t  of j uven i l e  pelage i s  p re sen t ,  gray on t h e  back, wh i t i sh  
unders ide  and wi th  a buff c a s t  i n  t h e  head region. 
pe lage  of p ink i sh  o r  ochraceous-buff ove r l a id  with b l ack i sh  h a i r s  on t h e  
d o r s a l  s u r f a c e  and p a l e  tawny t o  buf fy  white  on t h e  v e n t r a l  su r f ace  
s t a r t s  t o  appear between 29-40 days. 
back of t h e  head o r  under t h e  eyes. 
The a d u l t  colored 
Color changes appear f i r s t  on t h e  
The e a r s ,  sea led  a t  b i r t h ,  appear a s  protuberances.  A t  3-4 days, 
a groove deepens on the  a n t e r i o r  s u r f a c e  of t h e  aud i to ry  protuberance and 
forms t h e  pinnae.  By day 5, a l l  pinnae a r e  unfolded and a r e  about 1 mm 
long. The meatus is  s t i l l  closed a t  13 days, and t h e  exac t  t i m e  of i ts  
opening was not  determined. 
The eyes a r e  sea l ed  a t  b i r t h  and appear a s  l a rge ,  heavi ly  pigmented 
a reas  behind t h e  t h i n  integument. 
and a r e  wel l  formed by day 14. 
by day 14-15, but  i n  one l i t t e r  they d id  not  open u n t i l  day 18. 
da t a  ag ree  wi th  those  presented  f o r  2. c a l i f o r n i c u s ,  p e n i c i l l a t u s  and f l a v u s  
(Eisenberg and Isaac ,  1963). 
Eyel ids  s tar t  t o  develop a t  6-7 days 
In most of t h e  l i t t e r s ,  t h e  eyes were open 
These 
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The t o e n a i l s  a r e  not  evident  a t  b i r t h  but  a r e  q u i t e  d i s t i n c t  by day 3. 
The i n c i s o r s  pene t r a t e  t he  gums as e a r l y  a s  day 5 and a r e  ev ident  i n  a l l  
young by day 11. 
c r e a s e s  l a t e r a l  t o  t h e  mouth a r e  present .  These c reases  g radua l ly  invagina te  
and by day 19 a r e  approximately 1/8" deep. 
end ire lightly hai red  by t h e  t i m e  t h e  juven i l e  pe lage  is  acquired.  
Cheek pouches a r e  no t  p re sen t  i n  t h e  newborn. By day 3, 
The pouches inc rease  i n  depth 
The ex te rna l  g e n i t a l i a  a r e  very s i m i l a r  i n  both sexes bu t  can be 
f a i r l y  we l l  d i f f e r e n t i a t e d  by 14 days. 
a t  60 days (vulva open and swollen). 
150 days (April-September). 
One female became sexua l ly  a c t i v e  
No males had descended t e s t e s  up t o  
Behavior: 
crawl, a l though very labor ious ly .  
day 6,  one animal was noted t o  perform digging motions involving coordinated 
movement of f o r e  and hind legs .  
upon a metal  pan i n  p repa ra t ion  f o r  weighing and was obviously d i s tu rbed  by 
t h e  co ld  metal .  By day 8, t h e  young moved about t h e  cage f r e e l y  and by 
day 12 were gamboling about ,  even though t h e i r  eyes were s t i l l  sea led .  
A l l  neonates exhib i ted  t h e  r i g h t i n g  r e f l e x  and w e r e  a b l e  t o  
A b i l i t y  t o  move increased  d a i l y  and by 
This occurred when the  animal w a s  placed 
Young mice were noted ea t ing  raw c a r r o t  a t  10 days, and seeds  w e r e  
found i n  pouches by day 14; they appear  t o  become s e l f - s u f f i c i e n t  a t  about 
18 days. One l i t t e r  survived when t h e  mother d i ed  a t  14 days. 
S i b l i n g s  w e r e  normally separa ted  and placed i n  ind iv idua l  con ta ine r s  
a t  about 30 days. 
o r  a s  l a t e  a s  42 days. S i b l i n g  aggress ion  and r e s u l t a n t  i n j u r y  o r  death 
w a s  noted i n  s e v e r a l  l i t t e rs  l e s s  than 30 days old.  
On occasion, they were separa ted  a s  e a r l y  a s  21 days 
When neonates were c a r r i e d  by t h e  dam, they drew t h e i r  l egs  up c l o s e  
t o  t h e i r  body, thereby f a c i l i t a t i n g  h e r  movement around t h e  cage. 
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This  same r e f l e x  was noted when t h e  young animals were picked up by the  
loose  s k i n  of t h e  back during measurements. 
Weight and Measurement: 
t h e r e  are f o u r  d i s t i n c t  phases of growth during which t h e  percentage of 
i n c r e a s e  p e r  day is cons tan t  ( see  Fig.  2). The f i r s t  phase of almost 7.4% 
s i z e  inc rease  p e r  day b r ings  t h e  individual to 65% of adiilc  weigh^ i n  21 days. 
- P. c a l i f o r n i c u s  a t t a i n s  only  39% of a d u l t  weight during t h e  s a m e  t i m e  
(Eisenberg and I saac ,  1963). 
which is s i m i l a r  i n  s i z e  t o  p. longimembris, a r e  no t  a v a i l a b l e ,  a l though 
t h i s  spec ie s  has been bred i n  c a p t i v i t y  (one l i t t e r ,  Eisenberg and I saac ,  
1963). The i n i t i a l  growth r a t e s  of Dipodomys spp. (Chew and Butterworth,  
1959; Butterworth,  1961) a r e  g r e a t e r ,  bu t  a r e  no t  sus t a ined  a s  long a s  i n  
- P. longimembris (11  days a t  13.0% vs. 21 days a t  7.3%). Kangaroo rats 
a t t a i n  about 30-50% of maximum weight during t h i s  f i r s t  20-day per iod .  
When weights a r e  p l o t t e d  on a logari thmic s c a l e ,  
Unfortunately,  comparative da t a  f o r  E. f l a v u s ,  
Growth r a t e s  f o r  E. lonnimembris l e v e l  off by about 50-60 days, a t  
which t ime near  maximum weight has been a t t a i n e d .  
weight i nc reases  a t  a r a t e  of about 0.02% p e r  day. 
Af t e r  t h a t  time, body 
Maximum body weight 
probably i s  no t  a meaningful value, because body weight f l u c t u a t e s  s easona l ly  
a s  w e l l  a s  d a i l y .  
I n f l e c t i o n s  i n  weight increase  a r e  suggested t o  be a s soc ia t ed  wi th  
mi les tones  i n  t h e  development of  wild rodents .  Chew and Butterworth (1963) 
noted t h a t  t h e  f i r s t  i n f l e c t i o n  of t h e  curve f o r  t h e  kangaroo r a t ,  D. merr i -  
- 9  ami coincided wi th  opening of the eyes and ea r s .  
i n  - P. longimembris a t  14-15 days, t h e  t i m e  of eyes opening. The f i r s t  
change of growth cons tan ts  (7*4%-2.3%) did not  occur  u n t i l  21 days, which 
- -  
No change was observed 
approximates the  time of spontaneous weaning o r  s e l f - s u f f i c i e n c y .  
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Increases  of o t h e r  dimensions commonly used a s  ind ices  of growth a r e  
g iven  i n  F igs .  3-4. Like t o t a l  body weight,  t o t a l  l ength ,  t a i l ,  e a r  and 
hind f o o t  a l l  had a four -par t  growth. Tota l  l ength  and t a i l  l ength  show 
t h e i r  f i r s t  growth i n f l e c t i o n s  t o  lower va lues  a t  about t h e  15th  day 
(eye-opening) and t h e  second i n f l e c t i o n  a t  t h e  26-27th. 
w i th  those  presented  f o r  t h e  kangaroo r a t ,  E. merriami (Chew and Zutterwrth, 
1963). 
These da t a  ag ree  
The hind f o o t  a t t a i n e d  a near a d u l t - s i z e  a t  about 20 days. This means 
t h a t  when t h e  animal a t t a i n e d  about 70% of i t s  t o t a l  l ength  and about 60% 
of i t s  weight,  it had an adu l t - s i ze  f o o t .  I n f l e c t i o n  of growth r a t e  
occurred a t  10 and 20 days. 
s a l t a t o r i a l  locomotion as t h e  genus Dipodomys, t h i s  mode of t r a v e l  is  used 
during escape at tempts  and a t  o ther  t i m e s  when maximum speed i s  va luable .  
The adap t ive  value of a fast-developing f o o t  i s  se l f - ev iden t .  
Although t h i s  s p e c i e s  i s  no t  a s  dependent upon 
The e a r  had t h e  h ighes t  r a t e  of growth, w i th  a value of about 15% 
during t h e  f i r s t  9 days. 
t hose  documented i n  t h e  hind foot .  
25 days, w i th  a d u l t  s i z e  being a t t a ined  a t  about 55 days. 
The i n f l e c t i o n s  of growth r a t e  a r e  s i m i l a r  t o  
Nearly 86% of a d u l t  s i z e  was reached by 
SUMMARY AND CONCLUSIONS 
Data a r e  presented  on the  growth and development of 26 i n d i v i d u a l s  
from 8 l i t ters ,  22 of which were t h e  r e s u l t  of t h e  f i r s t  recorded matings 
of Perognathus longimembris i n  c a p t i v i t y .  Newborn of t h i s  spec ie s  of 
pocket mouse a r e  naked and have a n e a r l y  t r anspa ren t  integument; pigmen- 
t a t i o n  gradual ly  f i l l s  t h e  a rea  above t h e  f u t u r e  l a t e r a l  l i n e  and i s  complete 
wi th  spa r se  h a i r  by day 9 .  
pinnae developing a t  about day 4. 
Eyes and e a r s  a r e  sea l ed  a t  b i r t h  wi th  t h e  
The e x t e r n a l  meatus opens a f t e r  day 13. 
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Eyes u s u a l l y  open between day 14-15. 
b i r t h ,  but s t a r t  t o  develop on day 3 and are func t iona l  by day 14. 
Cheek pouches a r e  not  present  a t  
Semilogarithmic p l o t s  of body weight,  t o t a l  length,  and lengths  of 
t a i l ,  hind f o o t  and e a r  show polyphasic growth. A l l  show a fou r -pa r t  
p a t t e r n  wi th  i n i t i a l  instantaneous percentage growth r a t e s  which vary 
f r e ~  4.G% fcr t o t a l  ?ergth ct 14.8% f o r  ear. Hind foo t  -* ,,aches near  
a d u l t  s i z e  by 20 days. 
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Fig. 1 - Development of the Little Pocket Mouse (Perognathus longimembris) 
from neonate to adult. Age in days is indicated in lower right comer in 
each sequence. Note unfolding of auditory 
pinna between day 1 and 4 ,  and rapid total development of animal between 
4 and 9 days. 
2 The background grid is 1 cm . 
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Fig. 2 - Semilogarithmic plot of weight increase with time of the 
Pocket Mouse (P. longimembris). 
are instantaneous growth rates. 
Values above linear segments of plot - 
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RADIOBIOLOGY 
The Radiobiology of the Pocket Mouse 
J. J. Gambino and R .  G .  Lindberg 
THE RADIOBIOLOGY OF THE POCKET MOUSE 
3 .  J. Gambino and R ,  G, LFr?dherg - 
INTRODUCTION 
For the past four years the pocket mouse genus, Perognathus, has been 
under intensive investigation in this laboratory. A primary objective of 
this work was to determine the feasibility of using pocket mice in biologi- 
cal experiments in space, and as a result, a substantial part of the 
research was concerned with radiation effects. Historically, our radio- 
biological investigations of pocket mice consisted of: (1) radiation 
response studies, and (2)  mechanisms of radiation resistance studies. 
The radiation response studies characterized the biological response 
of Perognathus spp. to conventional x-ray and Co60 ionizing radiation 
sources. 
of irradiation well above that tolerated by any other mammalian species (5). 
For example, 1000 R was formerly considered the LD lOO(30) 
resistant mammalian species; however, pocket mouse studies raised that 
limit to about 1500 R. 
It was ascertained that pocket mice withstand whole body doses 
for even the most 
Our interest next focused on ways and means of elucidating the 
mechanism, or mechanisms by which pocket mice attain such a high degree 
of radiation resistance. There were two obvious approaches to the problem. 
One was to assume the presence of a very basic cellular peculiarity, 
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such as a unique enzyme system or chromosome make-up which enabled pocket 
mice to withstand high dose irradiation. The other possible approach was 
to examine the phenomenon at the total organism level, making the assump- 
tion that radiation resistance in this species results coincidentally from 
one or more physiological adaptations related to the animal’s rather 
unique “mode-of -living!’. 
For pragmatic reasons, we chose the latter approach and began studying 
the effect of various physiological factors on radiation response in this 
species. That work is summarized in a paper entitled “A Search for 
Mechanisms of Radiation Resistance in Pocket Mice” ( 6 ) .  A s  the title 
implies, the search continues. Studies of metabolic rate effects, hypoxia, 
hypothermia, tissue oxygen tension, and other factors known to influence 
radiation response in ma~~nals, failed to uncover any obvious mechanism of 
radiation resistance in pocket mice. 
However, despite the somewhat negative aspects of these experiments, 
they helped to crystallize, untimately, what appears to be the most 
promising experimental approach. It is based on the premise that total 
body response to radiation reflects radiosensitivity or radioresistance in 
critical regenerative cells. Complex multicellular animals either succumb 
or recover from radiation injury, depending upon whether a critical number 
of regenerative cells in vital tissues survives (17). Highly active 
regenerating tissues, such as bone marrow and intestinal epithelium of 
mammals, are particularly vulnerable to radiation damage, thus making 
mamnals as a group extremely sensitive to irradiation. 
is accumulating to suggest that variable radiosensitivity among the mammals 
may be based upon differences in cell population kinetics in hemopoietic 
and intestinal mucosal cell regenerative systems. Apparently, in pocket 
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Abundant evidence 
mice the ratio of resistant cells to sensitive cells in these vital 
tissues is high. 
Our attention then turned to cell renewal systems in the pocket mouse. 
We began work on the normal histology and post-irradiation pathology of 
pocket muse intestine. 
intestinal crypts, intestinal mucosa cell turn-over time, villus transit 
time, and bone marrow. Results to date indicate that the gastrointestinal 
syndrome in pocket mice is delayed or ameliorated by virtue of a very slow 
transit time of intestinal mucosal cells. Just how much of the observed 
radiation resistance of pocket mice is based on intestinal "protection", 
and how much on hemopoietic "protection" is still unknown. 
an extremely radioresistant hemopoietic system must be postulated to 
explain the very high survival rates after whole body doses up to 1400 R. 
We also initiated studies of mitotic activity in 
But certainly, 
Most of the work mentioned above has been either published in the 
open literature (4,5,6) or reported in the form of progress reports to 
NASA (7,9-14). 
mouse radiobiology and suggest future basic research utilizing some of the 
unique radiobiological characteristics of this species. 
The following pages sumnarize our knowledge of pocket 
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I. ACUTE EFFECTS OF IRRADIATION IN THE POCKET MOUSE 
Pocket mice withstand single, whole body doses of X- and g a m  
irradiation that normally kills most other mammals within the 30-day 
acute post-irradiation period. Perognathus longimembris has an LD 
1520 R and E. formosus 1300 R. In the dose range between 3000 R and 
10,000 R, the "gut-death" plateau is about 8 days. 
"CNS-death" occurs as in other mammals, with a mean survival time of about 
one day following 24.1 KR. 
50(30) Of 
At doses above 10,000 R 
A number of physiological parameters were investigated as possible 
mechanisms of pocket mouse radiation resistance. 
these studies did not clearly delineate any one mechanism of radiation 
resistance. We were able to eliminate several possibilities, however. 
For example, irradiation of pocket mice while hypometabolic, after splenec- 
tomy, or while in 100% oxygen at 3 atm. did not alter their response. 
On the other hand, irradiating the animals while in a 2.6% oxygen gaseous 
environment protected against the lethal effects of 2100 R. 
irradiated pocket mice from becoming hypometabolic during the 30-day acute 
period following exposure did not enhance lethality. 
altered by administering the irradiation to hypometabolic mice. 
then, that pocket mouse radiation resistance does not involve a tissue 
oxygen-related mechanism, nor does it appear to be related to the ability 
of pocket mice to undergo hypothermia. 
As mentioned above, 
Preventing 
Nor was survival 
It appears, 
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A s  s t a t e d  i n  t h e  introduct ion,  whole body r a d i o s e n s i t i v i t y  may be 
c l o s e l y  r e l a t e d  t o  c e l l  population dynamics i n  c r i t i c a l  r a d i o s e n s i t i v e  
t i s s u e s .  Cells vary i n  t h e i r  response t o  i r r a d i a t i o n .  One f a c t o r  
a f f e c t i n g  t h e  response of a c e l l  is t i m e  of admin i s t r a t ion  of i r r a d i a t i o n  
re la t ive t o  t h e  ce l l  cycle.  It follows t h a t  d i f f e r e n t i a l  s e n s i t i v i t y  of 
t i s s u e s  may simply r e f l e c t  t h e  r a t i o  of cells i n  a r a d i o s e n s i t i v e  phase t o  
those  i n  a r e s i s t a n t  phase. Since i n  mammalian radiobiology, s u r v i v a l  o r  
dea th  a f t e r  whole body i r r a d i a t i o n  u s u a l l y  depends upon t h e  degree of 
i n j u r y  o r  r e p a i r  i n  s p e c i f i c  t issues  and organs, t h e  e n t i r e  quest ion of 
r a d i a t i o n  r e s i s t a n c e  may be answered by a meticulous s tudy of m i t o t i c  
a c t i v i t y  i n  t h e  t i s s u e s  of i n t e r e s t .  
A number of s t r a i n s  of laboratory m i c e  and ra t s  e x h i b i t  d i s t i n c t l y  
d i f f e r e n t  s u r v i v a l  times when i r r a d i a t e d  a t  var ious t i m e s  of t h e  d i u r n a l  
a c t i v i t y  cyc le  (18). I f  t h e  hypothesis r e l a t i n g  spec ie s '  d i f f e r e n c e  i n  
whole body r a d i a t i o n  s e n s i t i v i t y  t o  cel l  renewal system dynamics has  m e r i t ,  
it should a l s o  exp la in  i n t r a s p e c i f i c  d iu rna l  d i f f e rences  i n  r a d i o s e n s i t i v i t y .  
It is  p o s s i b l e  t h a t  t h e s e  d iu rna l  d i f f e rences  may be c o r r e l a t e d  with 
m i t o t i c  a c t i v i t y  and c e l l  cyc le s  i n  bone marrow and i n t e s t i n e ,  s i n c e  
rhythmic m i t o t i c  a c t i v i t y  has been r epor t ed  i n  a number of mammalian 
t i s s u e s .  Unfortunately,  s u f f i c i e n t  d a t a  is not a v a i l a b l e  t o  judge t h i s  
hypothesis  i n  conventional m i c e  and r a t s .  Indeed, a v a i l a b l e  evidence 
i n d i c a t e s  t h e r e  is no rhythmic m i t o t i c  a c t i v i t y  i n  t h e  i n t e s t i n e s  of 
t h e s e  s p e c i e s  (1 , lS ) .  
On t h e  o t h e r  hand, we have evidence t h a t  a peak of m i t o t i c  a c t i v i t y  
occurs i n  t h e  i n t e s t i n a l  c r y p t s  of pocket mice during one p a r t  of t h e i r  
d i u r n a l  cycle .  I n  t h i s  s tudy,  animals were s a c r i f i c e d  a t  4-hour i n t e r v a l s  
over a 28-hour period. M i t o t i c  a c t i v i t y  was est imated by counting t h e  
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number of m i t o t i c  f i g u r e s  i n  t h r e e  complete c r o s s  s e c t i o n s  of jejunum f o r  
f i v e  m i c e  s a c r i f i c e d  a t  each t ime i n t e r v a l  (F igure  1). 
m i t o t i c  a c t i v i t y  occurred a t  0400 hours P a c i f i c  Time,  which i s  near ing 
t h e  end of t h e  metabol ic  high period f o r  Perognathus longimembris. 
The peak of 
Previous ly  w e  had shown t h a t  11. longimembris responds d i f f e r e n t l y  t o  
A s i g n i -  i r r a d i a t i o n  adminis tered a t  two d i f f e r e n t  t i m e s  of t h e  day (9). 
f i c a n t l y  higher  mean s u r v i v a l  time was noted i n  animals i r r a d i a t e d  a t  
2330 hours,  i n  c o n t r a s t  t o  those  i r r a d i a t e d  a t  0900 hours. The experiment 
was designed t o  d e l i v e r  t h e  i r r a d i a t i o n  a t  t h e  middle of t h e  metabol ic  low 
and h igh  per iods  based on p r i o r  observat ions of locomotor a c t i v i t y  and 
s t u d i e s  of oxygen uptake (Figure 2). 
I n  summary, E. 1onp;imembris e x h i b i t s  wel l -def ined d a i l y  p e r i o d i c i t y  
i n  body temperature,  metabol ic  r a t e  and locomotor a c t i v i t y .  
r e l a t e d  parameters have been measured and repor ted  from our  l abora to ry  
(3,13,14). 
time, and we have a l s o  seen a peak of m i t o t i c  a c t i v i t y  i n  i n t e s t i n a l  c ryp t  
c e l l s  during one p a r t  of t h e i r  d iu rna l  cycle .  I n  add i t ion ,  w e  have demon- 
s t r a t e d  d i f f e r e n t  s u r v i v a l  r a t e s  i n  pocket m i c e  i r r a d i a t e d  a t  two d i f f e r e n t  
t i m e s  of t h e  day. 
r e l a t i o n s h i p  between photoperiod, d i u r n a l  rhythms and r a d i a t i o n  response 
i n  t h i s  spec ies .  
r a d i o s e n s i t i v i t i e s  a r e  based on the  same phys io logica l  mechanisms and can 
be b e t t e r  understood by f u r t h e r  s t u d i e s  of ce l l  renewal systems i n  rad io-  
r e s i s t a n t  mammals. 
These i n t e r -  
W e  have noted a prolonged i n t e s t i n a l  e p i t h e l i a l  c e l l  t r a n s i t  
Although prel iminary,  t h e s e  r e s u l t s  suggest  a c l o s e  
W e  f e e l  t h a t  i n t e r s p e c i f i c  and i n t r a s p e c i f i c  d i f f e r e n t i a l  
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11. LATE EFFECTS OF IRRADIATION I N  
L a t e  e f f e c t s  of i r r a d i a t i o n  i n  pocket m i c e  
POCKET MICE 
a r e  s u p e r f i c i a l l y  s i m i l a r  
t o  o t h e r  mammals. 
premature 'ragingr!, and l i f e  shortening. Since pocket mice a r e  long-l ived 
animals ,  conclusive s t a t i s t i c a l  data a r e  not  y e t  a v a i l a b l e ;  however, 
t h e r e  i s  p r e s e n t l y  s u f f i c i e n t  evidence t o  suggest  tha t  t h e  l a t e  e f f e c t s  
response of pocket mice i s  somewhat pecu l i a r .  
Survivors  of high dose r a d i a t i o n  e x h i b i t  graying,  
For example, except  f o r  graying, t h e  onse t  of l a t e  changes appears  t o  
be d i sp ropor t iona te ly  delayed i n  t h i s  spec ie s  as compared with convent ional  
mice and r a t s  given the  same dose of i r r a d i a t i o n .  
a t  t h r e e  yea r s  p o s t - i r r a d i a t i o n  i n  t h e  low inc idence  of c a t a r a c t s ,  tumors, 
g lomerulosc le ros is  and o t h e r  nonspecif ic  d i seases  a s soc ia t ed  with long- 
term e f f e c t s  of i r r a d i a t i o n .  
This de lay  i s  apparent  
Mor ta l i t y  curves of i r r a d i a t e d  and c o n t r o l  E.  longimembris a r e  
s i m i l a r  t o  about t w o  and one-half years  p o s t - i r r a d i a t i o n  (Figure 3). 
Beyond t h a t  t i m e ,  t h e  h ighes t  dose groups show an increased  m o r t a l i t y  r a t e .  
Visua l  i n spec t ion  of t hese  mor t a l i t y  curves  sugges ts  t h a t  1000 R whole body 
i r r a d i a t i o n  decreases  t h e  l i f e  expectancy of a pocket mouse by about 
one- th i rd .  
Graying i n  pocket mice, a s  i n  o t h e r  spec ie s ,  is  dose dependent. 
Animals r ece iv ing  doses above 1000 R become completely gray  a t  t h e  f i r s t  
molt  fol lowing exposure. 
c o l o r  changes u n t i l  about one year a f t e r  exposure. 
Animals  t h a t  received 600 and 800 R show no coa t  
By t h r e e  yea r s  pos t -  
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i r r a d i a t i o n ,  t h e  800 R animals a re  t o t a l l y  white ,  while  coa t  c o l o r  i n  the  
600 R animals is b e s t  descr ibed as grayish-brown. Animals rece iv ing  400 R 
e x h i b i t  no coa t  co lo r  changes even a t  t h r e e  years  p o s t - i r r a d i a t i o n .  
There a r e  p re sen t ly  about 160 2. longimembris i n  our  f a c i l i t y  being 
c l o s e l y  watched f o r  l a t e  e f f e c t s .  This number r ep resen t s  t h e  su rv ivo r s  
of nea r ly  400 m i c e  t h a t  were i r r a d i a t e d  i n  t h i s  l abora to ry  over  t h e  p a s t  
t h r e e  years  and t h e i r  c o n t r o l s .  O f  t h e  160 remaining mice, 66 a r e  
u n i r r a d i a t e d  con t ro l s .  The colony i s  inspected r o u t i n e l y  f o r  c l i n i c a l  
s i g n s  of d i sease .  Vhen an animal is found dead, it is  autopsied,  and the  
e n t i r e  ca rcas s  is f i x e d  i n  Bouin's so lu t ion .  Subsequently, pathology 
s l i d e s  a r e  prepared of r ep resen ta t ive  t i s s u e s .  His topa thologica l  examina- 
t i o n  has revealed no pathology t h a t  can be considered a l a t e  consequence 
of i r r a d i a t i o n .  Animals t h a t  have been examined inc lude  some which 
received r a d i a t i o n  doses ranging from 400 t o  1600 R two t o  t h r e e  years  
p r i o r  t o  t h e i r  death.* 
Ext rapola t ion  of m o r t a l i t y  curves i n d i c a t e s  t h a t  t h e  l i f e  span of 
normal pocket mice i n  c a p t i v i t y  may be a s  long a s  f i v e  t o  s i x  years .  
This means t h a t  a f i n a l  a n a l y s i s  of l a t e  e f f e c t s  of i r r a d i a t i o n  i n  pocket 
mice w i l l  not  be a v a i l a b l e  u n t i l  1967 o r  1968. 
1 
I 
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111. BASIC RADIOBIOLOGICAL RESEARCH WITH POCKET MICE 
I n  mamnalian radiobiology it i s  reasonable  t o  use  experimental  
organisms t h a t  b e s t  i l l u s t r a t e  mechanisms of i n j u r y  o r  r e p a i r  i n  s p e c i f i c  
r ad iosuscep t ib l e  t i s s u e s .  The experimental  animal of choice need not  be 
one more c l o s e l y  r e l a t e d  t o  man, bu t  one t h a t  has p a r t i c u l a r  phys io logica l  
processes  t h a t  a r e  amenable t o  t h e  kind of s tudy necessary f o r  a b e t t e r  
understanding of man (20). 
convent ional  labora tory  forms f o r  comparative radiobiology has shown 
cons ide rab le  promise toward e luc ida t ing  b a s i c  mechanisms of r a d i a t i o n  
i n j u r y  and recovery i n  man (2,8). 
Recent use  of m a m l i a n  spec ie s  o t h e r  than  
Pocket mice are p a r t i c u l a r l y  i n t e r e s t i n g  s u b j e c t s  f o r  b a s i c  radio-  
b i o l o g i c a l  s t u d i e s .  They appear t o  be i d e a l l y  s u i t e d  f o r  experiments 
designed t o  e l u c i d a t e  i n t e r r e l a t i o n s h i p s  of phys io logica l  rhythms, m i t o t i c  
rhythms, and r a d i a t i o n  response. 
One example of t h e  kind of experiment t h a t  could be e a s i l y  performed 
wi th  t h i s  spec ie s  is  t o  determine t h e  e f f e c t  of s h i f t i n g  t h e  photoperiod 
on r a d i a t i o n  response. I f  rhythms i n  cell  renewal systems a r e  c o r r e l a t e d  
wi th  metabol ic  o r  o t h e r  phys io logica l  rhythms, which i n  turn a r e  cued by 
photoperiod, some very i n t e r e s t i n g  changes i n  r a d i a t i o n  response might be 
a n t i c i p a t e d  by s h i f t i n g  photoperiod 180 degrees p r i o r  t o  i r r a d i a t i o n .  
The obvious i n s e n s i t i v i t y  of pocket mouse hemopoietic stem c e l l s  t o  
i r r a d i a t i o n  sugges ts  numerous s t u d i e s  which would provide a b e t t e r  under- 
s t and ing  of t h e  r o l e  of bone marrow damage i n  t h e  a c u t e  r a d i a t i o n  syndrome. 
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It would be very i n t e r e s t i n g ,  f o r  example, t o  use t h e  technique of 
McCulloch and T i l l  (16)  t o  determine t h e  D37 f o r  pocket mouse marrow c e l l s  
and t o  c o r r e l a t e  t h i s  wi th  p e r s i s t e n t  chromosome abe r ra t ions  i n  c i r c u l a -  
t i n g  leucocytes  (191, comparing the  r e s u l t s  wi th  those  repor ted  f o r  
convent ional  m i c e .  
The i n s e n s i t i v i t y  shown by Perognathus t o  ion iz ing  electromagnet ic  
r a d i a t i o n  r a i s e s  t h e  ques t ion  of i ts  response t o  p a r t i c u l a t e  i r r a d i a t i o n .  
It has been shown t h a t  w i th  high LET r a d i a t i o n s  g a s t r o i n t e s t i n a l  deaths  
predominate, while wi th  X- and ganana r a d i a t i o n  marrow dea ths  abound. 
S ince  t h e  hemopoietic system of pocket m i c e  appears  t o  be extremely 
r e s i s t a n t  t o  X- and gamma i r r a d i a t i o n ,  exposing Perognathus t o  p a r t i c u l a t e  
i r r a d i a t i o n  may provide a means of d i sce rn ing  t h e  r e l a t i v e  importance of 
t h e s e  two modes of death  i n  t h i s  spec ies .  P a r t i c u l a t e  beam i r r a d i a t i o n  of 
pocket m i c e  may a l s o  provide clues t o  t h e  b a s i s  of r a d i a t i o n  r e s i s t a n c e  i n  
t h i s  spec ie s ,  by v i r t u e  of t h e  f a c t  t h a t  response t o  h igh  LET i r r a d i a t i o n  
i s  independent of t i s s u e  oxygen tens ion .  
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